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ABSTRACT
In order to analyze the effects

o~

pUMping groundwater

from underground lead mines upon present groundwater resources
of the New J;ead Belt area, the geology and hydrogeology of
that area must first be determined.

The primary method of

investigation of this analysis was interpretation of eeologic
and hydrogeologic data taken from water well logs and mineral
exploration well logs, with suppllmental information supplied
by published and unpublished literature sources.

From all

these sources of data, structural contour maps of the Precambrian erosional surface; the tops of the Lamotte, Bonneterre, and Davis Formations; isopachous maps of the Davis
and the Lamotte/Bonneterre Formations; a generalized clastic
to carbonate rat.io map of the Davis Formation; and a shallow
aquifer potentiometric surface map were constructed.
tural contour maps of the Cambrian

~~motte,

Struc-

Bonneterre, and

DaYis Formations show that the general regional dip of sand-

stones and dolomites that lap onto Precambrian igneous intrusive and extrusive rocks is toward the southwes-'G, except

where influenced by normal faulting and initial dips of as
much as 15 to 20 degrees aroWtd Precambrian knobs.

Isopachous

maps o:f these formations show that thinning anu thickening

of sediments around a bUl"'ied Precambrian erosion surface had
diminished by the time the Davis J?ormntion was deposited"
The clastic to carbonate ratio map of the Davis Formation
indicat~s

that there is a

this formation.

litholo~ic

facies

chan~e

within

The shallow aquifer potentiometric surface

iii

map, v1hen compared to the structural contour maps, illustrates
that the regional hydrogeologic gradient within the Black
River basin is at an oblique.angle to the regional geologic
gradient.

Another prominent feature of this map is the

"Logan Creek sink" located in T. 30 N., R. 1

w.

Three hydrogeologic groups have been established to
qualitatively evaluate the recharge of groundwater into
mines.

These groups are the shallo·w aqui.fer, the Davis

For:mation, and the deep aquifer.

The concepts of the Davis

Formation "leaky aquiclude facies" and "aquifer .facies"
have been introduced in accordance with the variable lith-

ology of the Davis Formation.

Using these groups, three

primary methods o:f recharge to the deep aquifer are discussed.

These methods are vertical leakage through the Davis

Formation "leaky aquiclude facies", v1hich includes both
intergranular leakage and leakage through .faults and .fractures; migration of grolllldwater from the deep aquifer outcrop
area; and migration o:f groundvra ter dovYn the shallow aquifer
gradient to the Davis Formation "aquifer facies".

Ground-

water is being pumped both from the shallo·w aquifer and deep

aquifer.

However, the most significnnt source of pwnping

within the New Lead Belt area is

aquifer.

f~om

mines within the deep
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I.
A.

INTRODUCTION

Purpose

In order to exploit the rich lead reserves of southern Missouri's New Lead Belt, d.eep, underground mines·
must pump large volumes of groundwater from the orebear-

ing formation.

To analyze the effects of such pumping

upon the groundwater resources of the area, the geology
and hydrogeology o:f the New Lead Belt area must first
be determined.

Thus, the purpose of this thesis is to

establish the basic geology and hydrogeology of the New
Lead Belt area.

B.

Method of Investigation

The primary method of investigation was interpretation of geologic and hydrogeologic data taken from min-

eral

explorat~on

well logs and from water well logs.

These logs were obtained primarily from open files of
the Missouri Geological Survey, the United States Geo-

logical Survey Water Resources Division, and the United
States Geological Survey Conservation Division, Mining
Branch.

All mining companies in the New Lead Belt area

were solicited for geologic as well as hydrogeologic
data.

The companies were cooperative in providing geo-

logic and hydrogeologic information which was not con-

sidered confidential.

As a supplement to these borehole

data, topographic maps and geologic maps from published
sources were used to obtain interpretations of regional
geology and hydrogeology.

From all these sources of

data, structural contour maps of the Precambrian surface

2

and the tops of the Lamotte, Bonneterre, and Davis Formations; isopachous maps o:f the Davis and Lamotte/Bonneterre Formations; a generalized clastic to carbonate
ratio map of the Davis :b,ormation; and a shallow aquifer
potentiometric suriace map were constructed.
It should be emphasized at this point that because
of the limited amount of geologic and hydrogeologic data
divulged by mining companies in the New Lead Belt area,
it is impossible to delineate all features with preci-

sion.

However, enough geologic data were obtained to

present a good approximation of the

~eology

of the New

Lead Belt area.

c.
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II.

LITERATURE REVIEW

Previous studies of geoloey in the
area are very limited.

New

Lead Belt

Unpublished theses by lllarcher

(1954), Ellis (1960), Buder (1961), and Thorton (1963);
plus Missouri Bureau of Geology and Mines volumes by
Bridge (1930) and Dake (1930) encompass the surface geology in 40% of: the area o.f study.

Wagner (1961) wrote a

thesis describing algal reefs of the early Paleozoic in
southeastern Missouri.

Howe (1968) evaluated the planar

stromatolite and burro\ved carbonate mud facies in Cambrian strata of the St. Francois Mountain area.

However,

information from these publications and theses does not
:fully define the geology of' the New Lead Belt area.
Henshaw ( 1965) and Gerdemann and M:yers ( 1972) have
published papers concerning the environment of deposition
of ore in the Bonneterre Formation of' the New Lead Belt
area.

However, these authors grossly generalize the

total geology of the New Lead Belt area.

Snyder and

Odell (1958) and Snyder and Gerdemann (1968) analyzed
the stratigraphic relationships of ore occurrence in the
Old Lead Belt, a lead mining area approximately 35 miles
northeast of the New Lead Belt area.

Again, these pub-

lications Generalized the total regional geology.

How~

ever, the stratigraphic relationships that are valid for
the Old Lead Belt area can be valuable tools
atin~

area.

stratigraphic relationships in the

il~w

~or

evalu-

Lead Belt
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Literature research revealed that there are no specific published studies of the total hydrogeology of the

New Lead Belt area.

Harvey (1972) has evaluated the hy-

drology of Logan Creek, a losing (in£luent) stream that
flows through the southern portion of the New Lead Belt
area.

This evaluation was made with the aid of side

looking airborn radar imagery.

It should be noted -that

the United States Geological Survey Water Resources Division is currently in the process of publishing a hydro-

geologic report concerning the Logan Creek area.

Bridge

(1930) evaluated the possibility that the Logan Creek
area may be the source area for several significant
sprines along the Current River.

Wixson, et. al. (1972)

has evaluated the lead industry of the New Lead Belt
area as a source of trace metals in the environment of
the area.
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III.
A.

REGIONAL SETTING

Location
The area of" study encompasses nearly 1800 square
miles of land along the Tiestern Ilank of the
cois Mountains in southeastern

T~issouri.

st.

Fran-

The boundaries

form a rectangle from approximately the middle of R. 4

VI,

through R. 2 E., northward from the middle o:f T. 28 N.
through T. 36 N.

The approximate latitudes and longi-

tudes are, respectively, 37 degrees 05 minutes through
37 degrees 50 minutes north and 90 degrees 45 minutes·

through 91 degrees 25 minutes west.

These boundaries

include almost all of Reynolds County, the northeastern
portion of Shannon County, several eastern blocks of
Dent County, a southeastern portion of Washington County,
and a northwestern portion of Iron County (See Figure 1).

B.

Economic Development
By far, the greatest economic impact on the study

area. has been the discovery o:f extensive deposits of
lead ore.

Prior to this discovery,

farmi~g

and logging

operations were the primary sources of income to inhabitants of the area.

However, exploration during the mid-

dle 1950's and early 1960's delineated an ore body that
has since been termed the "Viburnum •.rrend."

Presently

there are eight mines in the area extracting ore from
deep underground.

These mines are the St. Joe I;linerals

Corporation Mines #27, located in section 15, T. 35 N.,

R. 2 W.; #28, located in section 26, T. 35 N., R. 2 W.;

1

FIGURE I.

THESIS

AREA
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#29, located in section 7, T. 35 N., R. 1

w.;

Brushy

Creek, located in section 23, T. 33 N., R. 2 W.; Fletcher, located in section 13, T. 32 N.,

R~

2 W.; Cominco

American Inc. Magmont Mine, located in section 14, T. 34
N., R. 2 W.; Al.'IAX Lead Company o:f Missouri, Buick Mine,
located in section 26, T. 34 N., R. 2

w.;

and the Ozark

Lead Company Mine, located in section 22, T. 31 N., R.
2 \V.

c.

Physiography
The New Lead Belt area is located on the western
:flank o:f the igneous core of the St. Francois !1Iountains.
Despite the fact that the igneous rocks which make up
the St. Francois Mountains are much more resistant to
weathering than the overlying sedimentary beds, the topographic expression of both the igneous and sedimentary
rocks is much

~he

same.

Both express mature topographic

dissection with high relief and sharp drainage divides. ·
The highest elevation in the area is a porphorytic peak
c~lled

High Top Mountain, elevation 1760 feet, located

in section 4, T. 33 N., R. 2 E.

The lowest point in the

area is elevation 485 feet, located along the Current
River approximately in section 22, T. 28 N., R. 1

w.

These elevations yield a maximum relief of 1275 feet.
However, -the average relief' between the ridees and stream
valleys in the New Lead Belt area is approximately 300

to 400 :feet.
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The New Lead Belt area is drained by tributaries of
the Meramec River to the north, by the tributaries of the
Current River to the south, and is dominantly drained by
the Black River and its major tributaries.

The tribu-

taries of the Meramec River that drain the New Lead Belt
area are Huzzah Creek and Courtouis Creek; those of the
Current River are Blair Creek and Carr Creek; and those
major tributaries of the Black River are Webb Creek,

Logan Creek, Sinking Creek, anu the North, West, and
East Forks of' the Black River.

These tributaries form

dendritic patterns vdth their subtributaries, and are
still downcutting.

The .average gradient in subtributar-

ies is approximately 80 feet per mile.

Average gradients·

in major tributaries are approximately 40 feet per mile.
The relatively smooth ridge profiles o£ near equal elevations suggest that the area of study was nearly peneplained at one time, with later rejuvenation, as evidenced by entrenched meanders along major tributaries
and along the Black River.

D.

Clii!late
The average January temperature in the New Lead ·Belt
area is 34 degrees F., with a winter mini!!lum of -34 cleg~ees

F.

Snow is not unusual in the winter, but seldom

remains on the ground for more than a few days.

The

summers are relatively \"larm, with e.n average temper9. ture
of 77 degrees F. for July.
exceed 110 degrees F.

Ua.x.imum temperatures seldom

10

The average of total annual precipitation is 45
inches.

The months of April throueh June experience the

greatest amounts of precipitation, averaging 4.5 inches·
per month.

February is the driest montht as i t only

averages about

2.5 inches of precipitation.
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IV.
A.

GEOLOGY

General Statement
Field investigations of geology were not conducted
as research for this thesis.

Therefore, the following

discussion of the geology of the New Lead Belt area has
been assimilated from authors cited

in

the literature

review who have written about various £acets of geology
of the New Lead Belt area.

These authors are quoted

when their observations are particularly significant to
the discussion.
Research indicated that many companies have explored
for minerals in the New Lead Belt area.

There was ini-

tial concern that interpretation of tops of formations
by geologists from all these companies would not be uni--·

form.

However, personnel at the Missouri Geological

Survey indicated that most companies had sought the Survey's help in delineating tops of formations in the New
Lead Belt area.

On the basis of this fact, it is felt

that the error in interpreting tops of formations using
the well logs o£ these companies is not more than 10
£eet.

It is significant to note that only logs of un-

ambiguous location, elevation, and interpretation of
tops of formations were incorporated into the geologic
maps.

B.

General Regional Geology
The New Lead Belt area lies within the western flank
of the exposed intrusive and extrusive rocks that comprise

12

the St. Francois l'i 1ountains.

The St. Francois Mountains

f'orm the structural center of the Ozark Dome.
Precam9rian time, an erosion

sur~ace

During

developed upon

these igneous rocks, producing a rugged, topographically
pronounced surface, with relief estimated from topographic maps and a Precambrian structural contour map
to be in excess of 2500 feet within the New Lead Belt
area.
During late Cambrian time, a bnsal sandstone and a
sequence of limestones ( subsequentJ.y dolomites) were
deposited upon much of the Precambrian erosion surface
by encroaching Paleozoic seas.

In general, these sedi-

ments have a westerly regional dip of approximately

0.5

to 1.0 degrees over a large area west of the St. Francois

Mountains~

However, this inclination is broken

both by faulting and initial dips around Precambrian
knobs.

Precambrian knobs are structural highs

ca~~ed

upon the Precambrian surface by erosion.
Because of significant topographic variation o£ this

erosional surface, deposition of early sediments of late
Cambrian time was confined to Precambrian valleys and
lowlands.

Subsequently, these sediments either pinched

out against Precambrian knobs or lapped over knobs o.f
low relief to form a moderate undulation in the depositional surface.

Successive formations overlapped onto

higher Precambrian knobs, but never completely covered
all of these higher 1mobs during Cambrian time.
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According to The Stratiaraphic Succession in Missouri (1961), Ordovician sediments lie unconformably

upon the Cambrian sediments.

The Ordovician sequence

consists of a basal sandstone, the Gunter, followed by
a series o:f limes-tones (subsequently dolomites) and

sandstones.

By middle Ordovician time, probably most,

if not all, the Precambrian topography had been buried
by sediments.

From middle Ordovician through Pennsyl-

vanian time, the Uew Lead Belt area probably under:,rent
several periods of marine invasion, followed by massive

erosion that once again exposed some of these higher
Precambrian knobs.
There is little geologic evidence available to solve
the post-Pennsylvanian history of the New Lead Belt area.
Sometime after the Pennsylvanian Era, the region underwent peneplaination, was then rejuvenated, and a second,
younger and less perfect, peneplaination was initiated.
Since that time, the New Lead Belt area has experienced
another period of uplift, and currently, the streams of
the area are entrenching themselves.
Generally speaking, the outcrop pattern of forma-

tions in the New Lead Belt area today is that of relatively narro·w, semicircular-like belts around the exposed
Precambrian knobs to the east.

This sequence of outcrops

is from older to younger units as one traversen wes·twa.rd
from the exposed Precrunhr.ian knobs (1.1n.p I).
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c.

Stratigraphy
1.

General Statement
Stratigraphic units represented in the Ue\V Lead
Belt area are Precambrian, Upper Cambrian, and Lower
Ordovicio ·:l in age.

Upper Cambrian formations· present

are the Lamotte, Bonneterre, Davis, Derby-Doerun,
Potosi, and Eminence.

The only lower Ordovician

formations present are the Gasconade and Roubidoux.
Stratigraphic nomenclature as used in this the-

sis follows the recommendations o:f the Missouri Geological Survey publication The Stratigraphic Succes-:

sian in Missouri (1961).

Figure 2 is· a generalized

geologic colwnnar section of the formations in and
around the New Lead Belt area.

2.

Precambrian
Rhyolite porphyry and granite porphyry are, by
far, the most prevalent Precambrian rock types in
the New Lead Belt area.

There are relatively minor

amounts of rhyolitic tuff, agglomerate, granite, and
basic dikes.

Rhyolite porphyry, however, comprises

the greatest abundance of all igneous rocks of the
Precambrian.

According to Dake (1930, p. 29), the

rhyolite porphyry consists
" ••• dominantly of a dense, essentially
noncrystalline ground mass, varying in
color from red to black.. in which
there is a sparing deveiopment of
phenocrysts of glassy quartz and pink
orthoclase, the latter mineral commonly being more abundan-t. The quartz
crystals are .r arely much over a
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millimeter in diameter, and in some
varieties, are scarcely visible.
The
orthoclase crystals are commonly 2 to
5 millimeters across, and are usually
much more conspicuous than the quartz."
For the most part, the rhyolite porphyry is massive
with prevalent, though irregular,

jointin~.

Dake

(1930, p. 32) interprets the rhyolite porphyry to
be extrusive in origin.
The next abundant igneous rock type is granite
Dake (1930, p. 37) describes the granite

porphyry.
porphyry as

" ••• a rock of pinkish color, with a
fairly crystalline groundmass instead
of the dense, glassy back-ground of
the rhyolite porphyry.
There is a
sparing development of quartz, orthoclase and biotite phenocrysts, these
being larger, on the avera~e, than in
the rhyolite. Quartz crystals up to
3 mill~meters, and orthoclase phenocrysts up to 7 or 8 millimeters are
not uncommon."
The granite porphyry is characterized by no primary
flow structure, and more widely spaced jointing than
the rhyolite porphyry.

Dake (1930~ p.

38) interprets

the ~ranite porphyry as intrusive in origin.
Both the granite porphyry and rhyolite porphyry
~orm

the dominant outcrop peaks in the area.

Some-

times, striking individual mountains result, such as
Johnson Mountain, located in sections 23 and 24, r_r.

35 N., R. 1 E.

Well logs that include the Precam-

brian indicate that both rock types also form the
buried Precambrian igneous knobs of the New Lead Belt

18

area.

!1lap II shows the extent of Precambrian out-

crops and the generalized configuration of the buried Precambrian erosional surface.

It should be

noted that geologic data were the least available

for interpretation of the configuration
ied Precambrian erosion surface.

o~

the bur-

Thus, this figure

is a very generalized representation of this surface.

3.

Lamotte Formation
The name Lamotte was first proposed by Wilson

(1894, p. 347) for the series of basal sandstones
overlying the crystalline rocks of Precambrian age
and underlyins the limestone and dolomite in which

lead ore is found.

The name was derived from old

Mine La Motte, a lead mine that started operation in
1720 in Madison County.

The name has been used ever

since, except that it is now written as one word
instead of two.
Dake (1930, p. 46) describes the Lamotte Forma-

tion as consisting
" ••• essentially o:f a quartz sandstone,
varying in color from light gray to
reddish brown, red, and shades of yellow brov;n, depending on the amount of
iron, and its der~ree o:f hydration."

In close proximity to Precambrian knobs, the Lamotte
Formation grades laterally into arkose and Precambrian felsite conglomerate.

the Lamotte Formation is

~rhe

hi~hly

bonding medium of
siliceous.
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The upper 10 to 20 f'eet of the Lamotte Formation is a transition zone into the overlying Bonneterre Formation.

This transition zone contains alter-

nating beds of sandstone, very sandy dolomite, and
nearly pure dolomite.
The Lamotte Formation is characterized as wellbedded, ranging from thin to massive bedding.

Dake

(1930, p. 47) found cross-bedding " ••• fairly conspicuous," sometimes with " ••• beds several feet thick,
inclined at angles of 10 to 15 degrees.n
Thicknesses of the Lamotte Formation in the New
Lead Belt vary from 0 to 500 feet.

Thickest deposits

of the Lamotte Formation are in the basins and valleys
of the Precambrian erosional surface (Map II).

Thin-

nest deposits of the Lamotte Formation occur in the
proximity of Precambrian knobs, and may pinch out
entirely against these knobs.

Interpretation of geo-

1ogic data from well logs indicates that the closed
structural highs in section 4, T. 31 N., R. 3
T. 29 N., R. 1

w.

w.;

and R. 1 E.; the southeastern cor-

ner ofT. 35 N., R. 1 W.; and sections 6, 7 and 1,
12 in T.

33 N., R. 1 W. and T. 33 N., R. 2 W., re-

spectively, represent areas \vhere the Lamotte Forraation pinches out against l?recombrian knobs (l\1ap III).
Other structural highs in lJap III represent :Precambrian lcnobs that have been covered with minor thick-

nesses of the Lamotte Formation.
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In comparing Map II with Map III, it should be
realized, again, that Map II represents a grossly
generalized picture of the Precambrian surface.
Since most mineral exploration boreholes penetrated
to the top of the Lamotte Formation, Map III gives
a more detailed representation of the topographic
expression of the Precambrian erosional surface.

4.

Bonneterre Formation
The term Bonneterre was first used by Nason
(i901, p. 396) for a .formation that is a partial
equivalent for the St. Joseph Limestone.
Joseph Limestone included all the beds

This St.

be~veen

the

top of the Lamotte sandstone and the now defined
base of the Potosi Formation.
Buckley (1908, pp. 26-44) was the first to place
logical boundaries on the Bonneterre Formation.
is according to Buckley's
is now used.

de~inition

It

that the name

The name is ·derived from the city of

Bonneterre where beds of this formation prominently
outcrop.
The Bonneterre Formation conformably overlies
the Lamotte Formation.

As sta ...~ed previously the

general transition betv1een the Lamotte Formation and
Bonneterre Formation consists of

alternatin~

beds 0f

sandstone, very sa.ndy dolontite, and nearly pure dolomite.

However, in certain localized areas, the tran-

sition may contain thin-beddeu,

sli~htly

calcareous

23

shale.

Dake (1930, p. 57) describes the lithologic

character of the lower portion o£ the Bonneterre
Formation as " ••• completely crystalline but rather
fine-grained, buff-colored dolomite, sparingly
mottled with gray."

Dake (1930, p.

57) further

describes the upper portion of the Bonneterre Formation as
much more massive, more coarsely
crystalline, lighter gray in color,
contains numerous vugs lined with
dolomite or calcite crystals, and is
more cavernous, or pitted on exposed
surfaces."
11 • • •

Dake's lithoiogic descriptions are general and based
almost wholly upon Bonneterre outcrops.

Recent geo-

logic interpretation based upon data gained from ex-_
tensive borehole exploration for lead ore has yielded

a more detailed analysis of the stratigraphy of the
Bonneterre Formation.

Recently, Gerdemann and Myers

(1972) analyzed the stratigraphic relationship of the
Bonneterre Formation to lead ore occurrence in the
New Lead Belt area.
The Bonneterre Formation in the New Lead Belt

area consists of four major carbonate facies that
interton~ue

in a barrier reef zone.

Each facies,

according to Gerdcmann and Myers (1972, p. 431), · is
" ••• characteristie of a separate depositional environment; back reef facies
--supratidal; reef facies--intertidal
to subtidal; off-shore facies--subtidal; and upper nonneterre facies-open marine shelf."

24Inspection of Maps II and III reveals that west
of the presen·t line of l">recambrian outcrops is a

north-south trending lineation of' buried Precambrian
knobs.

It has been stated earlier that the deposition

of Lamotte sands did not wholly inUlldate many of' the
knobs in this trend.

During early deposition of the

Bo1meterre

reef structures :flourished just

Forme~tion,

o.ffshore on the seaw·ard (west) side of these knobs.

To the east o£' these 1mobs, the back reef' :facies·
was deposited.

This facies consists of light colored,

coarsely crystalline, porous dolomite.

Gerdemann and

Myers (1972, p. 431) describe recognizable rock types
that include " ••• algal laninated mudstones, burrowed
mudstone, rubble and pebble conglomerates, and irreg-

ular areas o:f green shale. 11
Within the reef area, the reef facies was deposited.

As interpreted by Gerdemann and Myers (1972,

p. 431) the reef facies is " ••• composed of dark
brov1n, coarse to medium crystalline algal boundstone,
with well developed

di,:~i tate

s ti·oma toli ten."

One of

the more characteristic features of this reef facies
is channels a.l'ld inter-reef areas filled with carbon-

ate clastics and reef debris

cobble size.

th~t

may ranee up to

Genera.lly speaking, this facies is

almost completely dolomitized.
The offshore facies was deposited to the west

of the reef.

This facies contains fine-grained

25

carbonates and clastics (shales) that are characteristic of low energy environments.

According to Ger-

demann and Myers (1972, p. 431), " ••• limestone is
dominant in the of1shore direction and dolomite is
dominant adjacent to the reef facies."
the

of~shore

~acies

In addition,

contains breccia zones that are

believed to have been caused by subterranean slides
that occurred during deposition of the Bonneterre
Formation.

These slides apparently occurred in the

zone of facies
deposits.

cha~ge

from reef deposits to offshore

This facies was probably deposited on dip

slopes that averaged 15 to 20 degrees.

The fine-

grained carbonates and clastics of the offshore
facies are believed to have consolidated at a greater
rate than did the coarse carbonate clastics of the
reef facies, resulting in a pore pressure buildup

in the

of~shore

facies that

dec~eased

the effective

stress to such a degree that gravity slides were
initiated along planes of critically low effective
stress.

The open spaces developed during brecciation

were Iilled either by the flow of incompetent coarsegrained carbonate, or deformation of shale fragments,
or both, so that the

resultin~

and contain very few cavities.
Odell (1958, p. 920) describe

breccias are dense,
However, Snyder and
n •••

tight knife-edged

fractures that occur in swarms and are fo1md only in
the breccia."

These fractll.res are of short extent
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both vertically and horizontally, and they pass
indiscriminately through both the breccia fragments
and matrix.

According to Snyder and Odell (1958,

p. 920), these '' ••• fractures show no relationship

to the fault patterns of the district ••• they are
purely a local phenomena."

The authors conclude

that these cracks are " ••• attributed to the interruption of tectonically induced bedding plane movement by the massive structureless body of breccia."
This author interprets that statement as meaning
that a talus-like pile of breccia acts as a retaining structure or "stop" with which younger breccia
slides collide.

The impact from such a collision

would cause localized swarms of cracks in the older,
more consolidated breccia.
As Bom1eterre seas continued to deposit greater
and greater thicknesses of carbonate sediments, the
accumulation of these deposits inundated both the
reef and most of the north-south
knobs.

trendin~

Precambr~an

This thic1mess of Bonneterre carbonates that

covered the ree£ is the upper Bonneterre facies.

This f'acies is a coarse to medium crystalline dolomite composed primarily of oolites.
Myers (1972, p. 431) interpre t

Gerdema11n and

thi3 facies a s being

deposited in an o pen marine shelf environment with
moderate to high energy leve ls .

27

Interpretation o£ borehole geologic data reveals,
in Map IV, that the Bonneterre Formation overlapped
all the north-south trending knobs but the one located in T. 29 N., R. 1 E.

As shown in Map IV, the

location of both the back reef lagoon and the offshore basin are depicted by thickening of sediments
away from the reef zone.

It should be noted that

the thickness of the Bonneterre Formation ranges
from approximately 150 feet over Precambrian knobs
to approximately 400 feet in the basins.
Further interpretation of borehole geologic
data shows, in Map V, the gradual softening of sharp
breaks in topography around Precambrian knobs.

This

is due to the added deposition in basins around these
knobs.

More borehole data were available for inter-

preting Map V than Map III.

As a result, a valley

or basin structure can be seen in I/Iap Y in T. 35 N.,
R. 2

5.

w. that was not interpreted in

r~ap

III.

Davis Formation
Buckley (1908, pp. 33-44) was the first to use
the name Davis and to define the boundaries
formation satisfactorily.

o~

the

The name is derived from

Davis Creek, a tributary of Flat River, near Elvins,
Missouri.
The colloquial terminology for the Davis Formation has traditionally been "the term "Davis Shale. 11
The reason for this is that within this formation is
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30
the only notable shale horizon in the Cambrian-Ordovician sequence of the Ozark region.

As Dake (1930,

p. 81) points out,

" ••• the term (Davis Shale) is distinctly
misleading, unless accompanied by a
detailed description of the formation.
It is more properly a complex of thinbedded limestones ~mostly dolomitic),
and shales, with considerable limestone conglomerate, and subordinate
amounts of very fine-grained sandstone."
The outcrops of' the Davis Formation that Dake
(1930) mapped are primarily in the northwest portion
ofT. 33 N., R. 1 E.

The following lithologic de-

scription should be construed as pertaining only
to this particular area.

As will be pointed out in

subsequent discussion, the Davis Formation varies

in clastic content.
The lower portion of the Davis Formation contains
light gray, coarse-grained, massively bedded, highly
glauconitic dolomite that
Bonneterre Formation.

confo~~ably

overlies the

Generally, there is a green

or black shale layer interbedded Vlith this dolomite

at the base of the Davis }.,ormation.

This has been

the classic separation between the DaYis Formation
and the Bonneterre Formation.

The moderate amount of shale and limestone that

is present occurs approximately in the middle of the
formation.

The fine-grained, light gray limestone

occurs as irregular lenses and layers interbedded

31
with shale.

The top of this zone is marked by a

prominent conglomerate, consisting of rhyolite.
fragments and sand erains cemented with dolomite.
The upper portion of the Davis Fonnation con-

sists of thin-bedded, fine-grained, argillaceous,
light gray to tan dolomite overlaid by massive,
coarse-grained, light to dark gray dolomite very
similar to the dolomite near the base of the formation.
Dake (1930, p. 82) noted in his field mapping
that " ••• the Davis carries much less shale, and a
larger proportion of dolomitic limestone, in the
area among the porphyry peaks."
this theory.

11:ap VI illustrates

As can be seen by the contours, the

clastic to carbonate ratio increases westward from
the presently exposed "porphyry peaks" that were
prevalent during deposition of the Davis Formation.
Data for this figure were talcen from m:tneral exploration well logs on open file at the Missouri Geological Survey.

The ratio is dete.rr.1ined

b~r

dividing the

perce11t clastics by the percent carbonates as determined

by

insoluble residue analysis.

The precenta~es

used are determined from the whole stratigraphic
thiclmess o:f the Davis Formation.

The preceding observation would 3eem to refute
the hypothesis that the igneous peaks of the New Lead
Belt area served as a source area for muds deposited
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among the carbonates.

It is theorized that fine-

grained clastics of the Davis Formation were derived
:from a more distant source, and that the areas araong

the presently exposed Precambrian outcrops were protected from mud-laden sea currents.
Thickness of the Davis Formation varies from
approximately 90 to 280 feet.

Map VII illustrates

that the dramatic thinning of sediments around the
north-south trending Precambrian knobs and the thickening of sediments basinward from these knobs which
appeared in Map IV have been diminished.

This can

be attributed to the fact that the combined thicknesses of the Bonneterre and Lamotte Formations in
the Precambrian basins is almost equal to the relief .
of these knobs with respect to their surrour4ding
basins.

There is, however, one notable exception to

this trend.

In all structural contour maps and iso-

pachous maps, the knobs in T.
very ·dominant feature.

29 N., R. 1 E. are a

As Maps IV and VII illustrate,

there is still significant thinning of formations in
this area as vrell as thickening of formations in
basins surrolmding it.
Map VIII emphasizes, again, this decrease in
relief cauaed by an accumulation o.f sediments.

Map

VIII presents the same r;eneral feat-u.res as r.1aps III
and V.

However, because of the decrease in relief

in comparison with the relief that existed during
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Precambrian time, the structu.ral contours are gen-

erally smoother, with gradual transitions in eleva-

tion.
6.

Derby-Doerun Formation
Buckley (1908, pp. 44-49) named and defined both
the Derby and Doe Run Formations.

Branson (1944t

pp. 27, 28) discusses the historic backgrotmd for the
naming o.f the f'ormations.

The conformable relation-

ship and similar lithologies

o~

led to the combination of these
single formation.

the two units have
~vo

units into a

The name Derby was derived from

Derby Mine near Elvins, Missouri.

The name Doerun

was derived from the Doe Run Lead Company near Flat

River, :Missouri.
The Derby-Doerun Formation conformably overlies
the Davis Formation.

Dake (1930, pp. 101, 102)

describes the lower portion of the Derby-Doerun

Formation as consisting " ••• essentially of thickbedded to massive, non-cherty

dolomites~

usually

light gray to buff in color, but with occasional dark
gray phases."

These massive-bedded dolomttes may

contain conspicuous

cross-beddin~.

The dolomite is

fine to medium-grained, dense, and argillaceous.

However,

'\ru~s

filled 'Ni th well-formed calcite crystals·

may be present.

Near the top of the Derby-Doerun Formation is
thin-bedded, :fine to medilun-grained, argillaceous,
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li(~ht

buff to light gray dolomite.

The contact

between the Derby-Doerun Formation and the overlying
Potosi Forma.tion is generally considered to be where
the f"irst beds of rounded, milky white quartz druse
are encountered.
Thickness of the Derby-Doerun Formation is extremely variable.

The reason for this variability

is that the top of the Derby-Doerun Formation represents: a minor regional erosion surface near the Precambrian outcrops to the east.

Dake (1930, p. 101)

observed thicknesses of 60 to 80 feet near these
outcrops.

However, the average thiclmess of the

Derby-Doerun Formation is approximately 120 feet in
the New Lead Belt area.

The majority of this average

thickness is unaffected by erosion.

v.

Potosi Formation
Winslow (1894, p. 331) was the first to use the
term Potosi .from the tovtn of Potosi, where there are

pro1ninent outcrops of the formation.

Buckley (1908,

pp. 51-58) redefined the Potosi Formation, but included a portion of the present overlying Eminence

Formation.

Dake (i930, p. 110) redefined the Potosi

Formation as the
" ••• brovmi sh, very drusy, alma s t un-

fossiliferous dolomite lyin~ above the
Derby-Doerun, and beloit7 the Eruinence,

which is li~hter in color, @Ore cherty
than drusy, and carries abundant fauna."
It is in this sense that the term is now usedo

38
The litholoey of the Potosi Formation is generally characterized by a light to dark brown, moderately crystalline, mediwn to fine-grained, massive,
very drusy dolomite.

However, Wagner (1961, p. 17)

divides the Potosi Formation into three separate
lithologies.

These lithologies, in order of abun-

dance, are algal reef rock, oolitic and other clastic
carbonate beds, and dense carbonate slime beds.

The

lithologies Wagner (1961) assigns to these terms are
analogous to the lithologies assigned by Gerdemann
and Myers (1972) to the terms reef facies, upper
Bom1eterre facies, and o:f.fshore .facies, respectively.
According to Wagner (1961, p. 18), the Potosi Formation may be, in some places, " ••• almost completely
reef rock, oolitic or carbonate clastics, or slime
beds."
The reef rock is normally composed of medium--

crystalline dolomite, characterized by "honeycomb"
or "pipe" druse.

Algae in Potosi seas grew in ver-

tical columns resembling "fingers".

Subsequently,

coarser carbonate clastics v1ere deposited around
these algae.

Post depositional silica-bearing solu-

tions f.'ollowed the horizontal reef beds a:n.d. permeated
up or down the natural channels these "fingers" .repre-

sented.

In areas where silification did not occur,

the algal "fingers" are still composed of dolomite.
The oolite and clastic beds n..re meditun crystalline and are characterized by dr:_,_se that follows
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horizontal bedding planes, rather than forming the
round, vertical tubes characteristic of the reef
rock.

According to Wagner ( ·1961, p. 19), these

oolitic beds may be
" ••• replaced by thick chert beds,
showine the ooliths preserved in the
chert, and at some places it is possible to see the ooliths preserved
in unsilicified dolomitic limestone."
The carbonate mud beds are the least abundant.
Wagner (1961, p. 19) describes these beds as " ••• very
dense, fine crystalline and thin-bedded."
Borehole data indicate that where the Potosi
Formation has not experienced surface weathering, at
outcrops, thicknesses may range up to 430 feet in the
Common thickness ranges

New Lead Belt area.
320 to 380 feet.

Generally speaking, the Potosi

Formation thins gradually
Precambrian

B.

be~veen

eas~1ard

toward the present

outcro~s.

Eminence Formation
According to Bridge (1930, p. 77), Buckley (1907,
p. 286) was the first to use the name Eminence for
the numerous exposures of this rock type in the vicinity of the city of Eminence, rfissouri.

Buckley

(1907), however, did not give a detailed description
of the formation.

Ullrich (1911, pp. 630, 631)

described the formation in greater detail and defined
its upper and lower boundaries.

It is according to

Ullrich's definition that the name is now used.

4-o
The Eminence Formation conformably overlies the
Potosi Fonnation.

There is a gradual transition be-

tween these formations, with the dolomite changing
color from brown to gray, a gradual decrease in the
size and amount o:f drune, an increase in the coarseness of texture of the dolomite, and an increase in
the

w~ount

of non-drusy chert.

In the lower portion

of the Eminence Formation, the beds are massive,
cherty dolomite, generally liGht gray in color.
Dake (1930, p. 124) describes the cherts as " ••• very
abundant ••• occuring as beds, and also as irregular,
branching masses.

In general, the cherts of the Emi-

nence are rusty, porous, and old looking."
The upper portion of the Eminence Formation is
basically the same, lithologically.

However, the

bedding is thinner and more uniform.
The Eminence Formation, along with the overlying
Gasconade Formation, outcrops in a major portion of
the Hew Lead Belt area.

Due to erosion, the full

thicla1ess of the Eminence Formation is not present
over a wide area.

However, where the Eminerce Forma-

tion is unaffected by erosion, thicknesses range from
200 to 250 feet.

9.

Gasconade Formation
The name Gasconade Formation was first used by
Nason (1892).

Marbu-t (1907) restricted the name Gas-

conade to the unit overlying the Proctor (Eminence

Formation) and underlying the Roubidoux Format.ion.
He proposed that the unit have

~NO

members:

the

basal Gunter Sandstone and the overlying MagneBium
Limestone.

Subsequent authors have proposed that

the carbonate member be subdivided due to a change
in paleontology.

However, today's usage of the term

Gasconade Formation is similar to Marbut's, with the
basal sEmdstone being referred to as the Gunter
stone :Member.

s~~d

The name Gasconade was derived from

the Gasconade River, along whose banks prominent
bluffs of this formation outcrop.
The basal Gunter Sandstone Member represents
deposition upon an erosion surface.

This unconform-

ity represents the division between Cambrian and
Ordovician time.

Usually, the Gunter Sandstone is·

cl1aracterized as a medium-grained, quartose sandstone.
However, in the New Lead Belt area, the Gunter Sandstone is an arenaceous dolomite, containing thin,
discontinuous lenses of sandstone.

In some areas, a

basal conglomel. . ate containing pebbles from the ·u..llderlyine Eminence Formation is incorporated into the
GW1ter Sandstone l\1ember.

Thicknesses of this member

range from approximately 2 to 25 feet.
The dolomites that overlie the Gunter Sandstone
Member are light gray, and argillaceous.

These dolo-

mites gradually grade into more massive, medium to
coarse-grnined, gray dolomite containing abundant,
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dense to porous cherts.

The dense cherts commonly

occur near the top of the dolomites of the Gasconade
Formation.
Because this formation, too, has extensive
outcrop area, thicknesses are variable due to erosion.
Borehole data indicate that a complete section

o~

Gasconade Formation in the thesis area is very rare.
Common bedrock thiclmesses v.rere from 50 to 100 feet.
10.

Roubidoux Formation
Nason (1892) was the first to apply the name
Roubidoux to the complex of chert, dolomite, and
sandstone overlying the Gasconade.
ors

atte~pted

Subsequent auth-

to effect changes in the name.

Mar-

but (1907) finalized the term Roubido\cr to include
the complex of chert, dolomite, and sandstone lying
above the Gasconade Formation and below the Jefferson City Formation.

It is in this context that the

term is used today.
According to Dak:e ( 1 930, p.. 16 3), co.ndstone is
the most conspicuous element o:f the
tion in the New Lead Belt area.

Roubidou:~

Forma-

The Roubidoux

Formation consists of subangular q_uartz, with an
average grain size that is smaller tlu1.n that of the
Laruotte Formation.

The Roubidoux Formation is thin

to medium-bedded, exhibits abundant cross-bedc.ing
and ripple marks, and the exposed surfaces are commonly case hardened.
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Interbedded chert and dolomite within the
Roubidoux Formation in the New Lead Belt area are
not as common as elsewhere in the state of Missouri.
Cherts that are present may range from dense to
oolitic.

Dake (1930, p. 165) describes the inter-

bedded dolomite as '' ••• finely crystalline, gray
cherty, and somewhat brecciated."
The Roubidoux Formation outcrops ln only a small
area of the New Lead Belt area.

Common bedrock

thiclcnesses average only from 25 to 50

D.

~eet.

Structural Geology
In early Cambrian time, Precambrian knobs formed
islands in the sea,

si~ilar

to an archipelago.

Gradually,

inundation of these Precambrian lcnobs by sediments formed
areas o:f localized doming.

The result was an undulating

surface that reflects both the Precambrian knobs and lows.

In areas of Precambrian lmobs, sediments dip radially
away from the knobs as much as 15 to 20 degrees.

How-

ever, these dips flatten basinward to approximately 4 to
5 degrees.
concept.

Maps III, V, and VIII also illustrate this

Contour lines are rather closely spaced around

these Precambrian knobs, inclic -? ..ting relatively high initial dips.

As one moves basinward,

these contour lines

become more widely spaced, indicating decreasing dips.
In areas of faulting, Dake (1930, p. 183) has noted steep
drag dips.
dips.

However, Dakc gave no measurements of these
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The New Lead Belt area is characterized by high
angle, normal faults that may or may not contain a sienificant strike slip component.

Dake (1930, p. 184)

concludes from field investigation that there " ••• does
not seem to be the slightest evidence of thrust faulting,
here, or elsewhere in southeast Missouri."
Basically, faults in the New Lead Belt area may be
grouped into three different systems:

the Palmer fault

system to the north, the Black fault to the east central,

and the Ellington fault to the south.
system is a group of

noL~al

The Palmer fault

faults that form the north-

ern boundary of the New Lead Belt area.

Dake (1930,

pp. 121, 122, 128, 181) cites field evidence that faulting in this zone initially occurred just prior to depo- ··
sition of the Gasconade Formation, and speculates that
the zone experienced subsequent displacements mttil after
deposition of the Roubidoux Formation.

The entire zone

is characterized by a number of down-dropped blocks
between pairs of faults.

From field correl.aticns, Dake

(1930, p. 182) stated that he observed throws of from
approximately 400 to 1200 feet, with the throws generally
increasing from west to east.

Inspection of Maps III, V,

and VIII reveals that the throws interpreted in this

study do not exceecl 150 feet.

It Ghould be noted that

sufficient borehole data v1ere not available in the northern portion o:f Palmer fault zone for even an approximate
interpretation oi' th.r ows.

It may very well be that
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within this zone, there are throws in the order of magnitude that Dake speculates.
The .fault that trends northeast-southwest in the
Palmer fault zone within the vicinity of St. Joe Minerals Corporation Mines #28 and #29, has been called
the Conway fault by geologists employed by the St. Joe
Minerals Corporation.

Borehole data around thiB fault

indicate a very minor amount of throw.

Gerdemann and

Myers (1972, p. 427) indicate that many faults are
11

•••

J.e:ft lateral wrench faults with a horizontal to

vertical displacement of five to one or greater.n

Vlith

this in mind, the author has interpreted the Conway
fault as a left lateral wrench fault •.
·The Black fault is located in the east central
portion of the New Lead Belt area.

Roughly, this fault

trends northwestward from section 26, T. 33 N., R. 1 E.
to section 36, T. 34 N., R. 1

w.

Dake (1930, p. 181)

interprets this normal fault as having a throw of approximately 300 feet.

This interpretation is based on both

.field correlations and borehole data.

The author was·

not able to located the borehole data that

Da1ce

used,

nor was there any recent borehole data available for
interpretation.

·rhus, Dake rs interpretation must ·oe

assumed correct.
The Ellington fault is located in the south central
portion of the lre\v Lead Belt area.

Roughly, this faul·t

trends southeastward from section 15, T. 30 N., R. 2 W.
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to section 10, T. 29 N., R. 1 E.

Hayes (1960) used field

reconnaissance techniques in delineating this normal
fault.

There were inadequate borehole data available

to the author for exact interpretation of the throw of
the fault; however, the maximun1 throw probably does not
exceed 50 feet.
Conunu.nication with mining companies in the area
reveals that most have encountered both small displacement normal faults and tension fractures in the course
of mining.

However, these faults could not be inferred

from borehole data around the mines, and were not included on any structure map.
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V.

A.

HYDROGEOLOGY

Hydrogeologic Classification and Nature of Formations

The hydrogeologic nature of the formations present
is primarily dependent upon the porosity, degree of inter-

connection between pores, permcn.bili ty, and the thickneE:s·

of the fo£mations.

In order to evaluate the relative

permeabili ties of formations in the !lew Lea<l Belt area,

and to subsequently classify these formations hydrogeologically, the porosity of these formations must first
be analyzed.

In ·analyzing porosity of sedimentary rocks,

both the primary and secondary porosity must be considered.
Primary porosity may be defined as original porosity.
This porosity is an inherent characteristic of the rock,
established as the sediment is deposited.
primary porosity is discussed in

arrangement o:f the grains.

te~ns

Generally,

of packing, i.e.

Packing, in turn, is a

function of the uniformity of grain size.

Theoretically,

the porosity of uniform spheres when packed in the same

manner is independent of the size o:f spheres·.

However,

when there is no uniformity of grain size, the porosity
is lower.

~his

is so because the smaller size grains

fill voids between larger grains.

This closging of pore

space by smaller, matrix grains reduces the porosi t:y·.

Not only the uni.formity of grain size, but alGa the
shape of the grains affect the packing of the grains in
sediments, ultimately affecting the porosity of these

48

sediments.

Generally

speakin .~,

the more angular the

grains are, the looser the packing.
friction and bridging effects.

This is due to

Thus the looser packing

contributes to a higher porosity.
Both the character and amount of cementing material
that is present in the grains affect porosity.

If the

amount of cementing a3ent is so great that it clogs the
pores between particles, the porosity of the aggregate of
these grains is low.

Character of the cementing agent is

significant to porosity because secondary dissolution may
or may not be able to affect the cementing agent that
exists vd thin the pores.

Generally speaking, calcareous

cements are more susceptible to secondary dissolution.
Concepts developed in the previous discussion have
been traditionally employed in the analysis of clastic
rocks (mostly sandstones) and oolitic carbonate rocks.
In general, uniform sand grains and oolites that have
_not been adversely affected by excessive cement, or
matrix inclusions such as clay particles or smaller size
fragments, will have higher porosities.

In the New Lead

Belt area, the Lamotte Formation would have good porosity
except for the fact that its silicious bonding medium
fills the intergranular pores.

The oolitic dolomite bedrr

of the Bonneterre and Potosi Formations should also have
good porosities, provided that the calcareous bonding
medium has not sufficiently filled the pores between
oolites.
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Carbonate sediments present a more difficult analysis of primary porosity.

~,orms

of primary porosity in

carbonate sediments are pore space \1ithin or between
fossils; fractures due to desiccation at the time of
deposition; ruLd pores along bedding planes due to changes
in depositional conditions.

In context of depositional

environments encountered in the New Lead Belt area,
perhaps the most prominent of the primary porosity features are the pore spaces within the algal reef' structures
and the pores between clastic carbonate crystals that are
a direct result of reef influenced deposition.

These

reef controlled primary porosity features are presen·t in
both the Bonneterre and Potosi Formations.

In both for-

mations, the primary porosity within reef structures was
great enough to allow mineral solutions to permeate
through these pores.

The fine-grained clastics of the

offshore facies of the Bonneterre Formation as well as
the slime beds of the Potosi Formation were a result of
ree~

influenced deposition.

The fine-grained nature of

these sediments, plus . the presence of clay particles
dictate that these facies have a lov1 porosity.

In

general, the pores between carbonate crystals may be
evaluated in the same manner as in evaluating the pores

in clastic rocks such as sandstone.

The same concepts

of packing, shape, and oondint:, medium can be employed

to reach a qualitative evaluation of po.rosity.

50 .
Pores along bedding planes are an important source
of primary porosity.

Changes in depositional conditions

at the bedding planes can often influence the initial
packing of the newer material.
and clays can be affected by
tions.

Also, the amount of silts

di~ferent

depositional condi-

Finally, i t is possible to have crystal structures

along the bedding planes that are

di~ferent

from those in

the body of the rock.
Perhaps the least significant forms of

p~imary

porosity are the pores due to desiccation at the time of
deposition.

In the New Lead Belt area, deposition of sed-

iments occurred with little or no desiccation.

Thus, the

amount of pore space due to desiccation is very small.
Carbonate formations may contain a high percentage
of secondary porosity.

Secondary porosity may be defined

as modified original porosity.

This modification can be

by solution, recrystallization and dolomitization, frac-

tures and joints, and cementation and compaction.
Solution activity talces place when organic or carbonic acids permeate the rock through primary pores and
~ractures.

These acids dissolve the more soluble cations·

of calcium and magnesium foQnd in limestones and dolomites, thus increasing the porosity.
.formed in the zone of
oreanic matter.
mediately below

weatherin f~

These acids are

due to the dec2.y o:f

In general, carbonate rocks, both imunconfo~1ities

or

pel~eable

sandstone

that outcrop at the surface, may· -be cavernous and contain
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ruther larGe solution cavities bccnune of' n com.bination of
solvent action in conjunction with weathering.

Both the

Eminence and Gasconade Formations are chnrFtcterized by
numerous sink holes, springs and caves.

Sink holes within

the Gasconade Formation contain slump blocks of the Roubidoux Formation because oreanic acids have permeated do -.vn
through the

overlyin~

Roubidoux Formation and have modi-

fied the underlying Gasconade Formation by solution.
Recrystallization and dolomitization may produce a
signi£1cant increase in pore volume.

If the post-depo-

sitional change from limestone to dolomite takes place
in the rock, then the pore space will be increased by

13 percent due to molecular replacement of calcium by
magnesium.

What this concept implies is that some high

magnesium fluid is able to permeate through this rock in
·order for this chemical change to take place.

It is

probable that all the carbonate formations of the New
Lead Belt area were first deposited as limestone, then
subsequently changed to dolomites by chemical change
due to permeation

oi~

a concentrated magnesium solution.

Recall from the lithologic descriptions that there are
only two limestone

~acies

within the New Lend Belt area.

These facies are in the :fine-gl.,ained
the Bonneterre Formation anu the

o:fi'~~horc

fine-~rainecl

and interbedded shales of the Davis Formation.
porosity o:f these :facies suggents

th~rt:

facies o:f
carbonates
;j~he

lo\v

mn.gnesi1.un r;olu-

tions 'uere not able to permeate throu.gh them.

Since all
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other carbonate formations in the New Lead Belt area are
dolomites, it can be postulated that these formations
were sui'ficiently porous to allow magnesium fluids to
permeate through them.

It may be inferred, therefore,

that there has been a subsequent increase in pore volume
due to the replacement of calcite by magnesium.
Fractures and joints play a very important role in
increasing porosity of a rock, not only because of the
physical opening which the fracture represents, but also
because it allows a channel by which the rock may be
modified by solution.

Primarily,· there are four mech-

anisms by which fractures could have been induced into
the formations of the New Lead Belt area.

These are

.faulting, slumping of semi-consolidated sediments, removal of overburden by weathering, and reduction in
volume of shales.
Probably the most important mechanism for inducing
fractures is faulting.

The northern boundary of the New

Lead Belt area is the Palmer fault zone, a zone

charactf~r

ized by many interconnected normal faults oT substantial
displacements.

Also, as noted in the section of struc-

tural geology, mining companies in the New Lead Belt
area encounter fractures and small displaceracnt faults

in the course of mining.

These

fault~

are probably due

to tect~nic activity or subsidence.
As pointed out in the lithologic description of the
Bonneterre Fornation, there are slump structures to the
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seav:ard side of the rce.f zone.
breccias were

11

Although the resultant

healed" by carbonate cement, it was pointed

out that there were cracks within these breccia slumps.
Based on structu.:!:'al considerations that take into acc·ount
the significant initial dips arow1d Precambrian knobs,

• .J..

lll

is entirely possible that slumpinG continued at least
through the time during which the Davis Formation was
being deposited, and maybe even longer.
munication with Dr. James Davis of the

Personal comM~~

Lead Company

of Missouri revealed that he has observed breccia zones
that not only affect the Bonneterre Formation, but the
Davis Formation as well.
Removal o.f overburden by we a the ring ra.ay have influenced fracturing in the New Lead Belt area.

As sediments·

are unloaded through erosion, the upper portions expand,
and incipient weaknesses in the rocks become fractures

and joints.

Speculation by Dake ( 1930, p. 196) sug"':;ests

that the N'ew Lead Belt area und.e.rv1en-t " ••• several marine

invasions, during middle n.nd late Ordovician, Silurian,
and Devonian times."

At any rate, the New Lead Belt

area has undergone several loading and unloading cycles,
and is currently undergoing >a cycle of erosion.•
this

J.... easoning,

could develop.

From

it is possi.ble that thin type of fracture

However, quantitatively evaluating this

phenomenon is virtually impossible.
Reduction in volume of shales is probably an insienificant mechanism for fractures except in the Davis
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Formation.

Even though the shale beds are discontinuous

and rcla tivcly thin, diagenic 1aineral changes and loss of
water

durin:~

compaction may be significant enough to

induce fractures in the

surroundin;~

carbonn.ten.

It is

quite possible that the high magnesium concentrate solutions permeated through these cracks, to more.fully dolomitize the carbonates.
Cementation and compaction tend to reduce both primary and secondary porosity.

Cementing materials may be

primary or secondary in origin.

Examples of cement that

may be deposited either along with the clastic material
or at a later period are silica and carbonates.

Recall

that the abundant silica cement adversely affected the
Lrunotte Formation's porosity, and that fine-grained

car-

bonate clastics clogged the pores within the Bonneterre
Formation's breccia zones.

However, this cementing mater-

ial may be subject to recrystallization at any time, thus
further affecting porosity.

Insoluble materials that may

not be precipitated at the time of deposition may act as
precipitated cements in that they fill voids, compact, and
hold grains together.

Clay materials are the most common

of these type of insoluble precipitates.
these clay minerals clog

po~es

As noted

earlie~

and reduce porosity.

Compaction of sediments is due to the increasing
weight of overburden.

Not only does compaction physi-

cally reduce pore volwne, but m3.y also cause migration

of clay minerals or colloidal matGr.ial into pores around
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individual grains.

The result of this migration is a

reduction of porosity.
Compaction of sediments may be a significant factor
in determining the porosity of at least portions of both
the Bonneterre Formation and the Davis Formation.
the offshore

~acies

Within

in the Bonneterre Formation are fine-

grained carbonates and clastics that could be characterized as lime muds during deposition.

Recall that it

was the compaction o£ these fine-grained carbonates and
clastics that is believed to have caused the rapid pore
pressure buildup that was necessary for slumping to commence.

The interstitial pore water simply could not

migrate quickly enough because the fine-grained clastics
were plugging the intergranular pores of the carbonates.
Also, as noted earlier, limestone is the dominant carbonate in the offshore deposits.

This is probably due

to the inability of the high magnesium fluids to permeate
through these deposits because of the clogging of intergranular-pores by clay minerals or colloidal material.
Borehole data indicate that within the Davis Formation, there is a sporadic limestone facies present.

A

possible explanation for this is that the porosity due to
cracking from differential compaction was negated by the
migration and subsequent clog ging of inte Eg.re..nular pores
in the carbonates by clay minerals.

shore facies of the Bonneterre

Thus, as in the off-

~ornation,

the

hi~h

magne-

sium fluids could not permente through these clogg ed pores.
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Permeability may be defined as the measure of the
fluid conductivity of a rock.
tive

ten~.

Penncability is a rela-

A rock can be considered permeable if an

appreciable quantity of fl:tid can pass throueh it per
time increment.

A roclc may be considered impermeable

if' a negligible quantity of fluid passes through ·it per

time increment.
There is no clear-cut relationship
bility and porosity.

be~~een

permea-

In order .for a rock to be permea-

ble, it must have effective porosi·ty, that is, interconnected porosity.

However, the permeability is a

function of degree of interconnection, the specific
surface of the rock material, and the
interconnections.

For

ex~ple,

tortuos~ty

of these

if a rock has poorly

interconnected pores, is fine-grained, and the interconnections do not follow a linear trend, the rock will

be relatively impermeable.

Fro1n the previous discussion,

i t can be inferred that the formations that contain
fractures,

solution features, coarse-grained carbonate

clastics, poor intergranular cement, and ree.f structures
will be more permeable.
From both the discussion of primary and secondary
porosity, permeability, ancl an analysis of the lithologic
descriptions previously cited, it may be concluded that
all formations within the New Lead Belt area can act as
aquifers except the Davis Formation.

An aquifer may be

defined as a roclc thn. t will yield s ±gnificant amounts of
water to 'Nells.

In analyzing this definition, the term
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11

siGnificant amounts" means an amount suitable :for use

by a one

U..."li t

family

dv.,ellin .~;.

Based upon examination

of water well logs within the New Lead Belt area, quantification of the term "significant amount 11 would be a
f'low rate of not less than three gallons per minute.
The Davis Formation is the one formation that is
not considered to be an aquifer.

Traditionally, the

Davis Formation has been regarded as ari impervious formation, or an aqulclude.

An aquiclude may be defined as a

rock which sto.ces water but does not transmit significant
amounts.

This is because the Davis Formation contains

the only notable shale horizon in the Cambrian-Ordovician
sequence of sediments in the New Lead Belt area.

How-

ever, as shovvn in Map VI, the Davis Formation decreases·
in clastics eastward toward the Precambrian outcrops.
It should be noted that the term clastics is not synonymous with the term shales when discussing Davis Formation
lithology.

Well logs at the Missouri Geological Survey

indicate that the Davis Formation may have a clastic to
carbonate ratio of two or more.

However, the volumetric

ratio of so.nd to shale, as determined by insoluble resi-

due analysis, may be as high as three or four for a
clastic to ca.rbonate ratio of' tv1o.

Thus, the distribu-

tion of shales within a Given clastic to carbonate ratio
is erratic.

Expanding this concept, and linking it with.

the concept that the clastic to carbonate ratio
eastward, a

lo~ical

decrease~

inference would be that generally,
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the shales within the Davis Formation are discontinuous·
in extent.

This inference can also be supported by the

concept of geologic facies, that is, the erratic grading
from one material to another due to changes in depositional environment.
Taking the premise that the shale horizons of the
Davis Formation are discontinuous, and adding to this
the previous discussion concerning the secondary porosity factors of solutioning, fracturing, recrystallization and dolomitization, cementation, and compaction,
one may conclude that the Davis Formation may be both
an aquifer and an aquiclude, depending upon the location
within the New Lead Belt area.

In the eastern portion

of the New Lead Belt area, the Davis Formation may serve
as an aquifer.

Well logs from the area show that small

wells are extracting signif'icant amounts of groundwater
for domestic use.

As one moves westward in the New Lead

Belt area, the incidence of shale horizons generally increases, · and the Davis Formation is transformed from an
aquifer into an aquiclude.

An aquiclude may be leaky,

that is, groundwater does not permeate vertically through
i t at a fast enough rate to be considered

si~nificant

at

a single location, but permeates fast enough so as to be
signi.ficant over a large area.

Within the Davis Forma-

tion, these leaky zones are in areas of discontinuous
shale horizons, fracture zones, and faults.

As can be
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seen from Map VI, the Davis Formation is probably a leaky
aquiclude in the area of lead mining.
Because the Davis Formation represents a natural
break

bet~een

aquifers within the lead mining area, it

would be advantageous for future discussion of the hydrogeology of the New Lead Belt area to assign formations
into three groups.

These groups would be called the

shallow aquifer, consisting of the Roubidoux, Gasconade,
Eminence, Potosi, and Derby-Doerun Formations; the Davis
Formation, consisting of a "leaky aquiclude facies" and
an "aquifer facies"; and the deep aquifer, consisting of
the Bonneterre and Lamotte Formations.
~er

The shallow aqui-

is characterized as containing unconfined groundwater,

that is, groundwater in direct contact vertically with
the atmosphere through open spaces in permeable material.
The deep aquifer is characterized by confined or semicon:fined groundwater, that is,

groundwate~

separated from

the atmosphere by an aquiclude or leaky aquiclude.

B.

Recharge
Precipitation falls upon the land surface, and a
percentage of this precipitation infiltrates into cracks
and pores within the surface soil and rock.

This water

trickles downward, passing through the zone o1 aeration
until it reaches the zone of saturation.
is known as natural recharge.

This process

The top of this zone of

saturation is known as the water table, or, more precise-

ly, the potentiometric surface.

The percentage of
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water that is not absorbed by the land surface is called
runoff.
Recharge occurs in the outcrop areas of the aquifers.
The groundwater tends to move downgradient from the aqui:fer outcrop area.

However, this

dovrnward through the

underlyin~

~roundwater

may percolate

rock zones when connected

fractures, faults, or vertically interconnected pores are
encountered.

Thus, over

geolo~ic

time, recharge has

saturated all interconnected pores of rock in the zone of
saturation, and a relatively stable potentiometric sur:face exists that is generally a function of surface topography of the unconfined aquifer within the New Lead Belt
area.

In this case, a relativeli stable potentiometric

surface means that given an average annual rate of precipitation over a long time span, the elevation of this
surface will remain, on the average, constant through
that time span.

This average potentiometric surface

encompasses such natural fluxuation effects as groundwater recharge to streams, stream recharp:e to groundwater,
plant evapotranspiration, flooding, and drought.
Map IX depicts a reconstruction of the orieinal
shallow aquifer potentiometric surface.

This map was

constructed using data taken from both water well logs
and topographic maps.

This author· attempted to incor-

porate as many well logs an possible with
was recorded prior to 1960.

~.vater

data that

This strategy was followed

because mining had started in only two of eight mines,
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hence extensive pumping £rom the aquifers had not been
initiated at that time.

Water data that were recorded

after 1960 were closely scrutinized to see if they fit
the pre-1960 regional pattern.

If these post-1960 data

did not fit the p.re-1960 shallow aquifer potentiometric

surface pattern, they were not incorporated into this
map.

Also, any questionable·water data from any year

were not incorporated into this map.

In an effort to obtain as many pre-1960 data points
as possible, elevations .of springs and eleva-tions o:f

areas where intermittent

stre~~s

become perennial streams

were obtained £rom topographic maps, and were incorporated into Map IX.

In both instances, these features

represent areas where the shallow

aqui~er

sur£ace intersects the ground surface.

potentiometric

It is possible

for competent technicians to delineate such areas by
aerial photo interpretation.
comparison

o~

.

This fact was verified by

pre-1960 well logs in the area to ground-

water data points taken

~rom

topographic maps.

In all

instances, the elevations were accurate within a 20 foot
contour interval or less.
Examination of Map IX reveals several interesting
points.

First, there is a prominent sedimentary rock

drainage divide that trends from

T. 35 N., R. 1 E.

T~

33 N., R. 3 W. through

To the north of this drainage divide

is the Jn:eramec drainage basin, and to the south is the
Black River drainage basin.

As has been stated previously,
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the majority of the New Lead Belt area is drained by the
Black River and its tributaries.

The Black River can be

delineated by tracing through the points of the upgradient
pointing potentiometric contours in the vicinity of the
Black fault~ in T. 33 N., R. 1 E.

Second, as an out-

growth of the previous facts, the general gradient of the
shallow aquifer potentiometric surface is toward the
Black River.

The significance of this is that the gra-

dient of the shallow aquifer potentiometric surface is
at an oblique angle to the regional geologic gradient.
ldaps II, III,

v,

and VIII all illustrate an overall

regional geologic gradient that trends southwest.

Map

IX illustrates a shallow aquifer potentiometric surface
gradient that may trend from southeast to northeast within
the Black River drainage area.

E. and T. 30
sible

~or

N~,

Third, in T. 29 N., R. 1

R. 2 E., Precambrian knobs are respon-

these minor recharge areas.

Fourth is the

circular feature or "sink" just south of the Ellington
.
.
fault in T. 30 N., R. 1 W.
This feature is in the area
of Logan Creek, and both topographic maps and literature
review reveal that there are no springs in this portion
of Logan Creek.

Further analysis of Map IX reveals that

there are several lineaments of potentiometric contours
with noses pointing downcsradient that seem to eonnect to
the Logan Creek feature.

This aligrunent

o~f

contours

suggests the existence of losing or influent streams.
This means that the streruns in the area are recharging
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the groundwater levels.

This phenomenon is reflected by

the fact that a creek in the area is called Sinking Creek,
and a valley in the area iA called D.r.y Valley.
From previous facts and observations, a logi.c al
' conclusion is that this area of Logan Creek is the center
of a zone of interconnected solution features.

Even

though this feature is not centered upon the Ellington
fault trace, it is highly possible that there are fault
associated tension fractures and

crack~ng

in the vicinity.

The abrupt, almost right angle change in course of Logan
Creek in the area suggests some type of structural control.

These fractures would provide ideal channels for

further solution of the rock.

It should be noted that

in this area, Logan Creek is entrenched in the Eminence
Formation, a formation noted for its solution features.
Recharge of groundwater into the deep aquifer since
the advent of mining in the New Lead Belt area may be
accomplished by expansion of reservoir fluids, compression of the intergranular rock skeleton, vertical leakage through the Davis Formation "leaky aquiclude facies",
which includes intergranular leakage as well as leakage
through faults and
from the deep

~ractures,

a~uifer

migration of groundwater

outcrop area, and migration of

grow1dwater dovvn the shallow aquifer gradient to the
Davis "aquifer .facies".

However, since ptU!lping by mines

.in the New Lead Belt area has essentially reached steady
state conditions, i.e. groundwater neither enters nor
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leaves storage, the recharge effects due to expansion of
reservoir fluids and compression of the intergranular

rock skeleton are neGligible.

Thus, only the latter

three methods of deep aquifer recharGe will be discussed.
Vertic3.l leakage of groundv;a ter from the shallow
aquifer through the Davis }!,ormation "leaky aquiclude
f'acies" is induced by pumping within the deep aquifer.
Within the drawdown cone, a pressure differential develops

along a plane at a con£ining or semiconfining bed.

As

has already been established, the western portion of the
Davis Formation can be in£erred to be a semiconfining
aquifer, or the Davis Formation "leaky aquiclude f'acies".
The water pressure on the shallow aquifer side of the
semiconf'ined bed over the cone of depression is equal to

l H, where

~

is equal to 62.4 pounds per cubic root, and

H is equal to the saturated thiclmess of the shallow
aqui£er at the point of analysis.

For exanple, if there

is 700 f'eet of saturated thickness over the point of
analysis, the water pressure at that point would be equal
to (700) (62.4), or 4350 pounds per square foot, or
approximately 300 pounds per square inch.
aquifer side, within the cone

or

depression, the pressure

at a point is zero, because that.portion

has been dewatered.

On the deep

o~

the formation

Hence, there is a 300 pound per

square inch pressure differential across this semiconfined

bed.

Under such great pressure, there must be both inter-

granular flow as well as fractu .r e flow of groundwater.

66
Granted, this intergranular flow may be of a low

magnitude.

But if this flow is taken over a large cross-

sectional area, such as the area within the drawdovm
cone, a rather substantial flow rate may occur.

For

example, ])avis and DeWiest (1966, p. 164) cite a representative value of permeability for an· argillaceous
limestone of two percent porosity as 1 x 1Q-4 Darcys,
or 3.28 x 1Q-9_feet per second.

Darcy's law states

that q_=kia, where q=flow rate; k=permeability; i=hydraulic
gradient; and a=cross-sectional area.

Assuming a total

head of 700 feet acting over 50 feet, a typical thickness of Davis Formation "leaky aquiclude fa.cies 11
hydraulic gradient is 14 feet per foot.

,

the

Assuming this

gradient acts on one square foot of Davis Formation
"leaky aquiclude facies", and substituting i=14 feet per
foot and k=3.28 x 1Q-9 feet per second into Darcy's lavt·

yields . a .f.low rate o:f 4. 6 x. 1 o-8 cubic .feet per second •
. Manipulatin6 units yields a flow rate of 2.1 x 1Q-5 gallons per minute.
o:f area.

This flow rate is for one square foot

The area a.f.fected by drawdown can be assumed

to be at least the area of the mine.

An average area :for

a mine in the New Lead Belt area would be approximately
equal to 1 x 107 square feet.

Multiplying the flow _;:-ate

per square foot by the average area o.f the mine yields a
total flow rate of 210 gallons per minute.

In a mine

such as St. Joe Minerals Corporation Mine #29,
rate is relatively insignificant.

~his

flow-

Ho\vever, at St. Joe
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Minerals Corporation Brushy Creek Mine, or at the Ozark
Lead Company Mine, this intergra1u1lar flow could be a
significant portion of the total flow.
It should be noted that the previous analysis is a
crude approximation for

inter~ranular

flow only.

The

figure of 210 gallons per minute could vary by a factor
of 10 or more depending upon the lithologic variability
of the Davis Formation.
Both fractures and faulting could play a dominant
role in the amount of groundwater that enters a mine
through vertical leakage.

However, evaluating the per-

centage of total flow these fractures and faults produce
is impossible in this case, since no detailed studies
were made.

It is known that v;henever fractu r es and

faults are encountered in the course of mining, significant increases in flow have been noted.
The previous analysis has assumed that _this groundwater comes from leakage directly over the mines.

How-

ever, this assumption may not account for the total volume
of groundwater pumped from the deep aquifer.

From pre-

vious discussion, the Davis Formation is classed as an
aquif:er in the eastern portion of the New Lead Belt area.
The back reef facj_es of the Bonneterre Formation, which
is also in the eastern portion of the New Lead Belt area,
is a very coarsely crystalline, porous dolomite.

It is

entirely possible that the deep aqu.ifer is recharged by
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precipitation through this outcrop area, and groundwater
migrates down the geolog ic gradient to the mines.
As noted earlier, Map IX illustrates that the general
regional gradient of the shallow aquifer potentiometric
surface is toward the Black River.

In context of the

hydrogeologic groups, this means that this gradient moves
f'rom the Davis Formation "leaky aq_uiclude facies" tovrard
the Davis Formation "aquifer facies".

This fact presents

the third, and perhaps most questionable, method of deep
aquifer rechar,'Se•

It may lo g ically be inferred that

since the general shallow aq_ui.fer potentiometric gradient
is toward the Davis "aquifer facies", the shallow aquif'er
may be contributing a portion of the groundwater that

migrates laterally into the mines.

Groundvrater may be

moving downgradient within the shallov.; aquifer until the
Davis Formation "aquifer .facies" is encountered.

From

there, this groundwater permeates do,.:m through the Davis
Formation into the porous back reef facies of the Bonneterre Formation, whereby the groundwater flovrs la te.rally
down the geologic gradient to the mines.

Note that the

lateral permeability of the shallow aquifers must be
significantly greater than the vertical

pe.rmea~ilj_ ty

of

the Davis Formation nleaky aquiclude faciesi' for this
movement to occur..

Also, the vertical permeability of

the Davis Formation "aquifer facies" ount be

si~nificantly

greater than the vertical permeability of the Davis Formation "leaky aquiclude facies".

Inspection of the
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lithologies of the Davis Formation "leaky UCJ..Uiclude
· :racies" and "aquifer facies" reveals that these relative
permeability differences are indeed possible.

However,

the over-riding stipulation for this lateral movement
of shallow aquifer groundwater to occur is that the flow
rates contributed by vertical leakage and lateral mir;ration from precipitation infiltration to deep aquifer
outcrops must be less than the flow rates froo mine
pumping.

A quantitative estimate of the flow

cont~ibuted

by this method of recharge is impossible because no stu-

dies have been done that evaluate the relative aQOunts
of flow contributed by vertical leakage and lateral
migration of ground\Yater from deep a'luifer outcrops.

However, it is felt that contribution of groundv1ater from
lateral nigration within the shallow aquifer is insignif-

icant.

c.

Discharge
natural discharge, such as springs, gaining streams,
and plant evapotranspiration tends to balance natural
recharge so that a relatively stable shallow aquifer
potentiometric surface io maintained.

The concept of a

"relatively stable" shallow aquifer potentiometric surface has already been discussed.

Pumping, however, is

an induced unbalance in the cycle of natural recharge
and discharge, and may or may not significantly affect
the stability of the shallow
surface.

a~1ifer

potentiometric
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Revievl of Table I reveals that a lar ge quantity of

groundwater is being pumped freD. mines in the deep aqui-

fer in the New Lead Belt area.

A large portion of this

pumped water is discharged into settlinp: ponds vrhere it
is free to act as stre a m runoff or rechar c e water to the
shallow aquifer.
a wide

ran~e

As can be seen from Table I, there is

of pumping rates.

The

~1ount

of fracturing

and the relative intergranular permeabilities of the
Bonneterre Formation are undoubtedly the cause of this
wide variance of pumping rates.

Based upon the previous

discussion of recharge, there could be the possibility
that pwnping within this deep aquifer could affect the
potentiometric surface of the shallow aquifer, especially

in areas where pumping is large.
Review of Table II reveals that there is a modest
amount of groundwater being pumped from the shallow

aquifer.

There are neither large municipalities nor

large industrial complexes dra\ving water f'rom this aquifer.

This pumping can be considered relatively insignif-

icant in affecting the rer;ional shc.llo\v aquifer potentiometric surface.
As noted in subheading:

number of

in1~luent

B.

streams in the

Recharge, there are a
Nt.~w

Lead Tiel t area.

There are also a number of efi'luent strearas in ·the New
Lead Belt area.

An effluent stream Bay be defined as a

stream that gains :flow from the discharge of groundv.Ja ter
into the stream.

These streams are characterized by
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TABLE I
PUMPING

MINES OR

RATES FROM DEEP AQUIFER

CITIES

RATE (GPM)
AVE. ( I971)

ST. JOE

NO. 27

{m)

900

ST. JOE

NO. 28

{m)

4900

ST. JOE

NO . 29

(m)

450

.
COM IN CO

(m)

1200

AMAX

(m)

4720

(m)

650

(m)

4200

CREEK

ST. JOE

BRUSHY

ST. JOE

FLETCHER

OZARK

LE AD

VIBURNUM

( m)

(

(c)

'
'

8 00

350

TABLE IT
PUMPING RATES FROM SHALLOW AQUIFER

CITY

RATE (GPM)
AVE.(I974)

ELLINGTON

50

BUNKER

150

LESTERVILLE

10

CENTERVILLE

130
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potentiometric contour lines whose noses point upgradient.

Perhaps the L1ost o1Jvious of these streams is the

Black River, whose location has been previously described.
The Logan Creek feature is made manifest by Blue
Spring, located within the Eminence Formation along the
Current River in section 21, T. 29 N., R. 2

w.

This

spring is approximately seven miles southwest of the
Logan Creek feature and discharges an average 62,500
gallons per minute.

It is hie;hly possible that Blue

Spring is a signific a nt discharge point of groundwater
from the Logan Creek area.

Both Logan Creek and Blue

Spring are within the Eminence Formation.

It should

be emphasized that Blue Spring is down the general geo-

logic gradient .from Logan Creek.

Since . the Eminence

Formation is considered to have been emergent at the
close of Cambrian time and thus exposed to weathering,

it is highly possible that some solution features, such
as caves or solution channels, were developed that followed the general geologic gradient.

Bridge (1930,

pp. 40, 41) observed that
11

Blue Spring

appe~rs

to derive much o.f its

VTater .from the Lo gan Creek drainage basin •••
It has been observed that Blue Sprin~ always
rises after heavy rains on the upper - portion
of Lo~an Creek, but thnt it is not affected
by rains on the upper portion of the Current
River.''
The approximate average flowrate of Blue Spring is 4 x 109
cubic feet per year.

The approximate areal extent of the

Logan Creek drainage basin in 2 ·16 square miles.

Using an
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average rainfall of 45 inches the total quantity of precipitation that falls upon this area is approximately
24 x 109 cubic feet per year.

Allowing for a substantial

arnount o.f this rainfall to be used in the evapotranspiration process,. these

rou~h

calculations show that the flow

rate from Blue Spring could accou..11.t for at least a portion of the precipitation that falls upon Lo e an Creek
drainage area.

Thus, Blue Spring could be a significant

discharee point for the Logan Creek feature.

It is

significant to note that runoff has not been included
in the preceding analysis.

Any "runoff" will ultimately

become recharge, that is, it will infiltrate into the
shallow aquifer from influent streams within the Logan
Creek area.
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VI •

S UI>TI.lAR Y

The New Lead Belt area is characterized by a sequence
of Cambrian-Ordovician sand s tone and dolomites that lap
onto the

Prec ~unbrian

of the Ozark Dome.

igneous intrusive and extrusive rocks
Structural contour maps of t h e Ca m-

brian Lamotte, Bonneterre , a.nd Davis Formations show
that the General re g ional dip of these sediments is toward
the southwest, except where influenced by normal faulting
and initia l

dips around Precambrian knobs.

Sediments

may dip radially away from Precambrian knobs, vri th initial
dips as h .igh as 15 to 20 degrees.

Isopachous maps of

these formations show that by the end of the deposition
of the Davis Formation, both the thinning of sediments
around the north-south trending Precambrian kno b s and
the thickening of these sediments basinward from these
knobs that are characteristic of the Lamotte and Boru"leterre Formations have been diminished with incre a sing
total th.iclmesses of sed.i ments.
SedDnents in the New Lead Belt area exhibit a variety

of lithologies, especially within the dolomites.

The

presence of reef structures plays an important role in
determining the ultimate lithology of the BoluLeterre and
Potosi Formations.

A clastic to carbonate ratio :map of

the Davis Formation indicettes thnt there is a facies
change within the Davis. Formation.

This map illustrates

that the Davis Formation contains interbedded clastics

in the western portion of the New Lead Belt area, but is
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virtually free of these clastics in the eastern portion
of the New Lead Belt area.
The shallow aquifer potentiometric surface map,

Map IX, illustrates that the general

hydro~eolo~ic

gradient within the Black River basin is toward the Black
River, located in the eastern portion of the New Lead
Belt area.

The significance of this trend is that this

gradient is at nn oblique angle to the regional g eolocic
gradient.

This map also illustrates a prominent drainage

divide, the occurrence of minor recharge areas that are
influenced by Precambrian knots, the occurrence of in-

fluent and effluent streams, and a "sin}:" within the
Logan Creek area.

It has been postulated that this nsink"

is a result of solution activity.

Geologic analysis and

a calculation of the approximate volume of precipitation
that falls within the Logan Creek drainage area versus

the approximate yearly discharge from Blue Spring reveals

that a probable discharge point o:f the Logan Creek "sink"

is Blue Spring.
Table I illustrates the significant amounts of steady
state pwn:ping that is necessa.r y in · o.r der to mine lead ore

f'rom the Bonneterre Formation.

Three hydrogeologic groups

have been establinhed to qualitatively evaluate the effects of this pmnping.

These three groups are the shallow

·aquifer, consisting of the Roubidoux, Gasconade, Eminence,
Potosi, and Derby-Doerun

~,ormations;

the Davis

~,ormation,

consisting of a "leaky aquiclude f:1cies" and an "aquifer
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.facies 11

;

and. the deep aquifer, consisting of the Bonne-

terre and Lan1otte Forma tions.

The concepts of the Davis

Formation "leaky a11uicludc facies" and "aquifer facies"
have been introduced in accordance with the variable
lithology of the Davis Formation.

Using these groups,

three possible methods of deep aquifer
been hypothesized.

rechar~e

have

These methods are vertical leakage

through the Davis Formation "leaky aq_uiclude facies",
which includes intergranular leakage as well as

le~cage

through faults and fractures; migration of groundv1ater
from the deep aquifer outcrop area; and migration of
groundwater down the shallow ar1uifer gradient to the
Davis Formation "aquifer facies".
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VII.

CONCLUSIONS

On the basis of geologic and hydrogeologic interpretations of data, observed facts, and logical inferences, the following conclusions conerning the geology

and hydrogeology of the Ne-w Lead Belt area may be drawn.
There have been no previous studies that encompass
either the total geology or hydrogeology of the New Lead

Belt area.
The map of the Precambrian erosion surface shows
that this surf'ace is relatively rur;ged, with

maximlli~

relief of the buried portion of this surface that is
approximately 1400 feetQ
of the

La~otte,

The structure contour maps

Bonneterre, and Davis

FoL~ations

show

that Precambrian knobs influenced the initial dips o£
sediments around these

~~obs.

In addition, these maps

show that from the time the Lamotte Formation was deposited through the time that the Davis Formation was·
deposited, the contours of the Davis Formation a round
Precambrian knobs are generally smoother, with more
gradual transitions in elevation than the contours of

either the Bonneterre Formation or Lamotte Formation.
This is probably due to the decrease in relief of the
Precambrian erosion surface

cau~:.;ecl

by an accwnula.tion

of sediments.
The isopachous map of the IJamottc/Bonr..eterre Forma-

tions illustrates tha.t there can be significant thinning

of sediments of these combined formations directly over
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Precaw1brian 1cnobs.

This map also shows that there can

be significant thickening of these formations v1i thin
localized basins around these Preco.rnbrian knobs.

The

isopachous map of the Davis Formation illustrates that
the siGUificant thinning and thic1cening of sediments
had generally been diminished by the time the Davis
Formation '.vas deposited.
The Davis Formation should not be thought of as
the "Davis Shale".

The clastic to carbonate ratio map

illustrates that in the eastern portion of the New Lead
Belt area, the Davis Formation is essentially a pure
dolomite that grades westward, throuGh facies change,
into dolomites interbedded with silts and sands as well
as shales.
~1

the basis of the discussion of the lithologies

of the formations and their porosity and permeability,
and the "significant amount" criteria of groundwater flow
to wells, it is probable that all form8.tions nithin the

New Lead Belt area except the Davis Formation are aquifers.

The Davis },ormation is probably an a<1_uifer within

the eastern portion of the New Lead Belt area, and a
leaky aquiclude within the area of

minin~.

There are probably three methods by \-7hich groundwater is recharged into the deep aquifer.

These methods

are vertical leakage throur;h the Davis Forms.tion "leaky
aquiclude· facies", which includes both in.tcrgranular

leakage and

lca.ka~e

through fnul ts rand fr:actures; migra-

tion of groundwater .from the deep aquifer outcrop area;
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and migration of groundwater down the shallow aquifer
r:,radient to the D.:1.vis

Forr1~tion

"aquifer facies".

The shallow aquifer potentiometric surface map is
a good approximation of the original shallow aquifer
potentiometric surface.

It illustrates the presence

of influent and effluent streams within the New Lead

Belt area.

This map defines a sedimentary rock drainage

divide, and a "sink" :feature within the Logan Creek area.
This map illustrates that within the Black River drainage basin, the gradient of the shallow aquifer potentiometric surface is at an oblique angle to the regional
geologic gradient.
Comparison of pumping rates from the deep aquifer
with pumping rates from the shallov1 aquifer illustrates
that the most significant pumping Yvi thin the NeVI Lead

Belt area occurs within the deep aquifer.

On the basis o£ geologic inference, calculation
of approximate yearly discharge and recharge, and a
qualitative assessment o£ evapotranspiration, it is
probable thnt the feature delineated on the shallow
aq_uifer potentiometric surface map in the Log<3.n Creek
area is a solution controlled "sink", with a p.rob8.ble
discharge point at Blue Spring e
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